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CHAPrER I 
THE PROBI.Etf AND METIIOD OF SOLVING IT 
The Problem 
Statement of the problem.-- It is the purpose of this paper to apply 
the basic principles and procedures set forth in Fundamentals of Secondar,y 
School Teaching .1/ and in the course Unit Method in the Second~ School~/ 
to the organization and classroom presentation of the topical area, the 
sun is the source of all energy on the earth.1/ 
Nature of the problem.-- The decrease of the number of pupils electing 
physics in secondar,y schools has been a source of concern to educators for 
at least two decades. Kenneth Vardenberg,l!/ quoting from a report by Carl 
A. Jessen of the u.s. Office of Education, reports that the percentage of 
pupils electing physics dropped from 19.04 per cent of the total secondary 
1/ Roy o. Billett~ Fundamentals of Secondar,y School Education, Houghton 
Jlifflin Company, .t;oston, Massachusetts, 1940, xvi - 671 pp. 
2/ "Unit Method in the Secondary School," course taught by Roy o. Billett, 
~rofessor of Education; Boston University School of Education, 1950. 
3/ National Society for the Study of Education, Committee on the Teaching 
of Science, A Program for the Teaching of Science, Thirty-first Yearbook, 
Part I 1932, ~lie School Publishing Company, Bloomington, Illinois, p.250. 
4/ Kenneth Vardenberg, "High School Physics for General Education," School 
Science and Mathematics, (June, 1941) 41: 548-52. 
·, , ~ 
}.' 
.. ' 
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enrollment in 1900 to 6.27 per cent in 1934. Other writers deploring the 
situation who have written on the subject include W.H.Brown,!/ J. Pa 
( 
Davis,3,/ R. B. Abbott,;~/ c. B. Harrington,]±/ and H. E. Brown..Z/ The 
Thirty-first ~/ and Forty-sixtnZ/ Yearbooks of the National Society for the 
study of Education recommend the dropping of the traditional subdivisions 
in the customar,t physics course of . mechanics, heat, electricity, light, 
and sound. The recommendation is made in these volumes that physics be 
taught instead b.1 teaching with basic organizing themes running through 
all the units. The unit selected by this writer is one of the major 
generalizations suggested in the Thirty-first yearbook. In the course, 
Secondar,r School Curricula, Status and Trends,~/ the recommendation is 
made that the science courses should be made a part of general education, 
1/ W'. H. Brown-; "Relating High School Physics to the Environment," School 
Science and Mathematics,(October, 1935), 35: 721-3 
2/ J .P .Davis, 1iSome Methods of Improvements of Teaching Physics," School 
~cience and Mathematics, (November, 1937), 37: 925-32 
3/ R.B.Abbott, "How to Teach Physics," School Science and Mathematics, 
"(February, 1937), 37: 143-6. · 
4/ C.B. Harrington, ''Why the Decrease in Physics Enrollment," School 
Science and Mathematics, (June, 1940) 40: 564-70. 
5/ H.E. Brown, "The Plight of High-School Physics, 11 School Science and 
llathematics, (January, 1941) 41: 36-42. 
~/ op. cit. P• 255. 
·1/ National Society for the Study of Education, Science Education in 
lmerican Schools, ·Forty-sixth Yearbook, Part I, 1947, Distributed bY the 
University of Chicago Press, Chicago, Illinois , P• 209. 
8/. Secondary School Curricula, Status and Trends, course taught by Roy o. 
Billett, Professor of Education, Boston Universit,y, School of Education,l950 
I 
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with the courses of study being made functional enough so that it will be 
desirable for all pupils to come within the influence of them. As a 
result, this study was directed to the end that all types of pupils parti-
cipate. It was taught to two classes of administratively designated 
College Physics and one class of General Physics. The success achieved 
would seem to indicate that a reorganization of the science curriculum with 
all courses of study being in the nature of general education and the 
classes being grouped with reduced hetereogeneity. 
The pupils to be taught.-- The chronological ages of the pupils was 
obtained from questionnaires passed out to the pupils. The range in ages 
was from 15 years and 10 months to 18 years and 9 months. The unit having 
been constructed with the emphasis placed on making it functional, know-
ledge of the ages of the pupils gives the instructor an insight into what 
may be expected of them with regard to aims and accomplishments. The 
distribution of the pupils with respect to their ages is shown in Table 1. 
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Table 1. Distribution of Pupils in Three Physics Classes According to 
Chronological Age · 
'\ · ·-··-·~ ~ f 
Ag~ Number of -Pupils 
Years . Mcmths 
15 10 1 
16 4 2 
16 
' 
4 
16 6 2 
16 9 2 
. 16 11 3 
17 0 6 
17 1 
' 17 2 6 17 3 2 
17 4 
' 17 
' 
6 
17 6 4 
17 .7 
' 17 8 4 17 10 2 
18 1 1 
18 3 2 
18 4 1 
18 
' 
1 
18 7 1 
18 8 1 
18 9 1 
19 1 1 
Intelligence quotients.-- The pupils in the three classes were given 
the Otis Quick-scoring Mental Ability Tests; Gamma Test, Form Am~ The 
range in group I was 88 to 125 with a median of 106.2!). The range in 
group II was from 94 to 123 with a median of 104. The range in group III, 
the so-called non-college group was from 74 to 110 w.i.. th a median of' 91.63. 
Space provisions; the roam as it was.-- The unit was taught in a room 
located at the top of a building. It runs off a corridor connecting the 
east and west wings of the building. The architect designed the roam as 
a lecture room and, therfore, built it in successively ascending tiers. 
(See Figure 1). The desks are of the lecture-type armchairs and are 
movable. Behind the teacher's demonstration table is located a storage 
closet. The room was used as a classroom, laboratory and workshop. There 
are no provisions for individual scientific experimentation for the 
pupils. 
Figure 1. Showing the Ascending Tiers and the Movable Type Desks in 
theRo~. 
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Equipment and supplies.-- A slide projector borrowed at rare intervals 
from the Audio-visual Aids Department was the eXtent of the audio-visual 
aids previously used b,y the department. The difficulties in using this 
equipment resulting from the fact that light for the room comes from a 
s~light and because the obtaining of a screen was impractical and the 
manner in which the shortcomings were overcome are explained in the next 
section. 
A classroom library does not exist. The school library for this 
school of over 1200 pupils has 30 seats. It contains about 1500 volumes 
of which an unascertainable number are. outdated. The librarian is an 
English teacher who teaches three classes daily in the library, acting as 
librarian during the remaining three periods. Pupils who do not have study 
periods during library periods have no access .tO>"·the library. Money for 
the purchase of books comes generally from the proceeds of the school lunch- 1 
roem or other school . programs. The average amount of money spent annually 
for the purchase of books and magazines is about $30 annually. For this 
year, however, the School Committee has appropriated $300. 
All filing must be done in the drawers in the demonstration table or in 
the drawers in the storage closet. A cabinet with slotted shelves is avail- , 
able for the filing of tests and pupil's individual enterprises. 
Improvements made in the roam.-- For the showing of films and ~ 
strips, a large curtain pulled across the room to shut out the light coming 
in from the sk,rlight, previously used but now inoperative was recommissioned 
with the purchase of 50 cents worth of cord and two small pulleys. The aid 
of one of the custodians in doing the necessa~ repairs was eDlisted. The 
windows on the connecting doors between this room and the adjoining rooms 
on either side as well as the window on the door leading into the room were 
covered with ordinary desk blotters. (See figure 2). With these simple and 
inexpensive steps, the proper darkening of the room was accomplished. 
Figure 2. Showing Hmr the Windows in the Doors Leading to Adjoining 
Roams were Covered. 
The next obstacle was that of obtaining a screen. The blackboards be-
ing of the vertical-moving type, the walls in back of them were covered wi 
two coats of flat white paint. The total cost of doing so was $1.20 with 
$1.00 being spent for paint and 20 cents for a brush. One of the pupils 
willingly volunteered to do the job and did it well. The result was a 
large screen which was most satisfactor.y. 
The last obstacle in the showing of the film-strips was . the source of 
. I 
electrical current. There are no working wall outlets. The o~ outlet to 
be found was in the overhead light source used to supply light for the 
blackboard. A new source of annoyance arose here, for the cord was found 
to drop directly in front of the screen interfering with the view. A 
simple expediency was resorted to here; the cord was drawn around the 
flagpole (see figure page 34.·~. 
We were now ready for the showing of films and .film.,..strips. An inte-
gral part of the unit was the showing of slides prepared by the. pupils 
themselves. A slide projector was needed. A search through the building 
was made and a projector which belonged to the school for many years and 
which had probably never been used was found. It proved admirably well 
suited for the purpose intended. The prepared wall served excellently as 
II 
the screen. 
As stated before, no classroom library or bulletin board was available I 
Figure 1 shows why the walls along the sides of the roam could not be used 
f or placing either a library or a bulletin board. The front of the roam 
provided no space for the blackboard . end t he doors leading into the room 
and to the storage closet used up the entire front wall. Accordingly, a 
row of desks was removed from the rear of the room. A table and a port-
able blackboard were borrowed from the art room. The table was converted 
into the library (See Figure 3). The blackboard was covered with two yards 
of heav,y mosquito netting. The horizontal shelf of the blackboard ( the 
chalk tray) was pressed into service as the magazine rack (See figure 4). 
An abundant supply of free periodicals and magazines was obtained at no 
cost by consulting the various lists of free and inexpensive t~aching aids. 
9 
Figure 3. Showing the Librar.y 
Figure 4. Showing the Bulletin Board and. Magazine Rack 
The Method 
Teaching-learning cycle.-- The pupils were shown the film-strip, 
"Energy from the Sun", American Sugar Refinery, in color. They were in-
structed to write down questions that they would like answered as they 
occurred to them. They were handed out study guides on the third day to-
gether with optional stuqy guides. The pupils were encouraged to do their 
own research and to solve their own problems scientifically. The underlying 
purpose of the unit was to provide motivation for the pupils for the rest 
of the course b,r giving them just enough information to arouse their 
curiosity in the various fields of electricity, sound, light and so forth. 
The log • ._ A careful log was kept each day. The question of pupil in-
terest was an important consideration in the evaluation of the unit as the 
best vehicle in the teaching-learning situation. The results and con-
elusions are shown in Chapter III. 
The test.-- The objective test was constructed using the delimitation 
of the unit as the source of the items. It was constructed using the prin-
ciples set forth in Chapter XX of Fundamentals of Secondary School Educa-
tion!/. The test was given on the first day and again at the end of the 
unit. The pupils were not aware that the same test was given poth times • 
The results of both tests and the gains achieved are shovm in Chapter III. 
]) op. cit. 
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CHAPTER II 
UNIT ORGANIZATION 
The Unit 
I 
General Statement of the Unit.~- The sun is the source of all energy 
on the earth. 
Delimitation of the Unit~ 
I. The sun's energy is released as the sun changes from matter to energy 
and comes to us in tremendous amounts. 
A. For all practical purposes. all of our extra-terrestrial energy 
comes from the sun with only negligible amounts filtering in from 
the stars. 
1. The sun is 92,000,000 miles away. 
2. The next nearest star is 300,000 times as far awa:y as the sun. 
3 • Distances of the stars f rom the earth are detem.iped by the 
parallax method and by the spectroscope. 
4. The sun is nearer the earth during the winter months of the 
rorthern Hemispher e than it is during the summer months . 
B. The energy released QJr the sun is at the rate of 5xl02Morse power. 
c. This energy is released ao the matter in the sun changes to energy. 
1/ Roy o. Billett, Fundamentals. of Secondary School Education, Houghton 
'nifflin Company, Boston, Massachusetts, 1940, page 
3._/ op. cit. page 505 
II 
II 
I 
D. Radioactive substances also release energy when matter in them 
disintegrates. 
E. When one pound of matter disintegrates completel y into energy, 
ll,hoo,oo ld.low·att-hours of energy result. 
F. One pound of U-235 releases the same amount of energy as 1400 tons 
of coal or 300,000 gallons of gasoline. 
G. Einstein's formula 
II. All forms of energy receive or have received their energy ultimately 
from the sun. 
A. Water power 
1. In the water cycle, the sun's energy raises the water to the 
clouds by imparting energy to the water molecules. 
2. Examples of water power 
a. Water rushing down mountainsides carrying debris and 
rocks. 
B. Wind power 
1. Winds receive their e~ergy from the heating of the earthts 
surface by the sun. 
a. The rotation of the earth gives direction to the ~nds. 
b. The directions of these winds at the different latitudes 
is '.'fell deH'ined. . 
2. Examples of wind power 
a. Modern wind machines which have generated as much as 
1250 kilowatt-hp~s of electrical energy. 
b. Sai lboats 
c • Windmills 
C. Chemical energy 
1. The sun is the source of chemical energy as demonstrated by 
such fuels as the hydrocarbons, wood and coal. 
2. Gasoline and kerosene result from the refining of Petroleum 
which resulted from the decomposition of land plants m~ 
years ago. 
3. Examples of the use of hydrocarbon fuels. 
a. The automobile 
b. The Diesel engine for pumping water, changing to electricaJ 
energy, and running of trains. 
c. Heating of water to produce steam energy. 
4. Coal resu+ted from the decomposition of plants and animals of 
m.any millions of years ago. 
5. Examples of the use of: coal as a source of energy. 
a. Runs our factories 
b. Runs trains 
c. Changes to electrical energy 
d. Changes water to steam energy 
6. Wood comes from trees which need the heat from the sun to 
sustain life. 
7• Examples of the use of wood as a source of energy. 
a. Burning of wood gives heat which can be used to heat 
water and change it to steam energy. 
b. Wood is used as a support in houses to support walls and 
is used as a support in other types of construction. 
D. Light energy, when natural, comes directly from the sun, and when 
artificial, may be traced indirectly to the sun. 
E. Sound energy may be traced to the sun as its source. 
F. Electrical energy 
III. Energy and matter cannot be created or destrqyed in the universe. 
IV. Energy may be transfonned from one form to another as demonstrated by 
the many examples of this organizing theme. 
List of Probable Indirect and Incidental Learning Products.--
A. Indirect 
1. Improved ability of pupils to get along with one another 
2. Improved ability of pupils to cooperate when working toward a goal 
3. Improved scientific attitude because of increase in ability in 
problem-solving 
4. Greater awareness of corrmuni ty responsibilities through study of 
community resources. 
B. Indirect 
1. Skill in preparing lantern slides 
2. Skill in dra"Vt"ing up of scientific reports 
3. Skill in performing demonstration experiments 
4. Skill in delivering a lecture to the class and ability to stand 
before an audience with poise. 
List of References for Teacher's Use Only.--
A. Powers, Samuel Ralph, et al, An Introductory Course in Science for 
Colleges, Ginn and Company, Boston, Massachusetts, 1934. 
B. Deutsch, Armin J., "The Sun", Scientific American, Volume 179, No • .5, 
November, 1948, PP• 26-40. 
c. Jannsen, Raymond E., "The Begirulings of Coal", Scientific American, 
Volume 179 No. 1, July 1948, Pages 46-.51. 
D. Rabinowitch, Eugene s., "Photosynthesistt, Scientific American, Volume 
179, No. 2, August 1948, Pages 24-36. 
E. Putnam, Palmer Coslett, Power from the Wind, D. Van Nostrand Company, 
Inc., New York, New York, 1948. 
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F. Energy from the Sun, A Film-strip in Color, American Sugar Refinery. 
Unit Assignment!/ 
Introductory Activities.-- The objective test will be given on the 
first day. The results are to be carefully recorded for the final eval-
uation of the unit. 
On the second day, the film-strip, Energy from the Sun, will be 
shown to the class. A blank sheet of paper is to be handed out to the 
pupils at the beginning of the period. Before the film-strip is shown, 
the class is to be instructed to write down any questions which might 
arise during the showing of the film-strip. It is hoped that motivation 
will came from the questions which are left in the pupil's minds. 
Core activities.- On the third day individual study guides are to be 
handed out to the pupils. The activities vh ich appear on these guides will 
represent the core activities. The following directions are to appear on 
the study guides. Directions: Answer all the questions shown below by 
referring to the books indicated at . the end of the questions. The refer-
ences indicate the number of the book (and the pages therein) found in 
the bibliography vbich is the last page of this ,~P~per. Capital letters 
refer to the Optional Related Activities found on the 3xS cards on the 
instructor's desk. Place a single check mark beside the activities which 
are of most interest to you. Place a double check mark beside the activi-
ties Which are of most interest to you. Place a double check mark beside 
the activities which seem to be most valuable to you. Plaoe an X beside 
axry activities which are of no interest or seem of no value to you. 
!7 op. cit. page 5o6 
., 
II 
YOO MAY START WHEREVER YOU WISH, BUT YOU MUST OBTAIN THE INSTRUCTOR'S 
APPROVAL BEFORE YOU START. 
' . 
1. How far away is the sun and 'What ·is its relative distance .from the earth 
as compared to the other stars? (6,: .524-6) 
2. Is the sun closer or farther ~ from the Northern Hemisphere in June 
or in December? (6: .527) 
3. Can you explain, then, whY the earth is warmer in the Northern 
Hemisphere in the summer? .(6: .528-34, A) 
4. In what two ways does the earth receive the sun's energy? (6: 362, A) 
,5'. Do we receive much of our energy from the stars? (6: 524) 
6. Can you find out how much energy we receive from the sun? Compare with 
some common rources of power such as tons of coal, gaLlons of gasoliile, 
and the like. (3: 552-3, 6: 524, 2: 269) 
7. Can matter change to energy? Haw much matter is lost by the s~ every 
- second? (3: 396, 553) 
8. What is U-235? Does it disintegrate and release energy? How much energy 
does it release? (2: 652-668, 3: 395-6, 5: 758) 
,...1 9. Do you now lmow what an isotope is? 
.,. , 
o. Hmv much energy will one pound of matter release when it disintegrates 
completely? Compare with energy in a ton 6~ coal. (6: 396) 
1. Does water have power, ? Why? (4: 1975, 63-8 D) 
1 2. Study the water ~le and prepare to show how water power is derived 
l from the sun. (6: 183, 362 G) -3. Bring into class a list of as many uses of water power as you can. 
4. See if you can show how _winds derive their energy from the sun (1: 3.52-7) 
I 
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15. Bring into class as many examples of wind power as you can. (H) 
16. Consult your Biology teacher for a text to help you understand how 
green plants and trees depend on the sunts energy. Your notes from 
the film "Food from the Sun" should help you. 
17. Can you find out how coal and oil deposits were accumulated? (3,6) 
18. How are the hydrocarbons made ready for consumers? (3) 
19. Prepare a list of the uses of the hydrocarbons as sources of energy. 
20. Prepare a list of the uses of coal as a source of energy. 
21. Hovr does man get his energy? 
22. Does light have energy? In what unit is it measured? (2:557-.562,3:127-
130) 
23. Give some examples of the use of light energy. 
24. In 'What unit is sound energy measured? Can this unit be changed to a 
work unit? (3: 5-6) 
25. Electrical energy is extremely important in today' s world. Find out 
in what unit it is measured. (2: 557-62, 3: 127-130) 
-.... 26. Be prepared to show hovr electrical energy is transformed to other forms 
of energy. 
27. Prepare a list of the uses of electrical energy. 
28. Can you find ~ examples of substances which do not have the sun as 
their source of energy? 
29. Can you trace the energy in volcanoes back to the sun? 
130. On your way to school, look about you and find examples of devices 
which can trace their source of energy back to the sun. Use the 
following hints as starters. Does the sun heat a trolley car at 
night in the winter? Does a steamroller have the sun as a source 
of energy? 
31. Have you ever visited Niagara Falls? If' so, explain the sun as a 
source of energy of this wonder of the world. You may do research 
in the library to get some facts about waterfalls and report to the 
class f'or extra credit. 
32. Have you ever visited a large industrial plant? If so, explain to the 
class how the energy used to run the plant is traceable to the sun. 
33. If there is any activity which you can think of' which will make this 
unit of more interest or of more value to the class, write it down 
and hand it in to the instructor. 
34. Write a two-paragraph essay on "Matter and energy cannot be created 
or destroyed." 
35 • Write a two-paragraph essay on "Energy can be transformed from one 
f'orm to another. 
Optional related activities._!/ 
amount of energy received from the sun is determined. 
!/ op. cit. page 507 
C. Make a chart on a large-sized cardboard comparing the energy received 
from the sun with common everyday sources of energy, such as tons of 
coal, gallons of gasoline, and so on. For example, you might draw 
a picture of the sun and after it, by some symbol of your mm choosing 
represent how much horse povrer is received from the sun by the earth. 
Then draw underneath this a picture of a pile of coal and after it 
represent the number of tons of coal would be needed to produce the 
same amount of horsepower. 
D. Compare the energy received from the sun with the energy needed to run 
various power plants. For example, you might draw a picture of the 
sun. Then show how much horse power is derived from it. Then under-
neath this draw a picture of an automobile and show how many of these 
would be needed to give the same amount of horse power. Do the same 
for a large steam shovel, electric train and so on. 
E. Read, "The World within the Atom," GE Adventure series, Illustrated, 
and prepare a short talk in simple language explaining nuclear fission. 
I F. Fill the cubic foot can nearly full of water and then carry it to the 
rear of the room. Then, by determining from research the number of 
cubic feet of water used to turn the turbines at one of the more im-
portant hydro-electric plants, you will get a realistic idea of the 
tremendous amount of energy that can be generated by water power. 
Report to t he class. 
G. Consult Science Experiments 1vith Inexpensive Equipment, by Carleton 
john Lynde, Internat ional Textbook Compaey-, Scranton, Permsylvania, 
1950, page 133 for easy directions on how to make a water wheel. ~hen 
tie a two-foot length of string to that part of the shaft 'Which extends 
out from the wheel. At the end of this string tie a small weight. 
~ directing a stream of water on the wheel, you should be able to 
lift the weight. Practice this exper:i.Jnent ·until you can successfully 
demonstrate it to the class. One of your big problems will be to 
build a housing so that the water will not splash. 
H. On a slide provided by the instructor, draw the water cycle and prepare 
a short talk showing how the sun is the source of water power when 
you show the slide to the class. 
If you have visited Niagara Falls, you may prepare a short talk to the 
class on this wonder of the world, with emphasis on how the sun is the 
source of the energy delivered. You may supplement your memory by 
consulting an en~clopedia or some other source of information. 
J. Read the book, Power from the Wind,qy Palmer Coslett Putnam, Page 1 
for information on how the ~nd was used to generate 1250 kilowatts of 
electrical energy. Prepare a short talk on the subject. 
K. Read the pamphlet, "Coal" and prepare a short talk on the "Importance 
of coal." 
L. From a Biology book prepare a set of slides on the nature of wood for 
presentation to the class. 
M. An interesting project for a small group of pupils would be to prepare 
a set of slides on the uses of electricity for presentation to the 
class. There should be continual emphasis on the sun as a source of 
energy for electricity. 
N. Electric power consumption is measured in kilowatt-hours by the watt-
hour meter found in homes. Malee a slide which will help you to explain 
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to the class how to read this measuring instrument. 
o. Bring in your electric power bill and with the aid of a slide explain 
to the class how the bill is computed. Ask the instructor to help 
you if you have ~ trouble. 
P. Make a scale diagram on a slide of the loudness of various noises. You 
may copy the diagram shown .. in the book "Physics, the ·Story of Energy," 
b.7 Brown and Schwachtgen. 
Q. Bring into class various toys which demonstrate the uses of various 
forms of energy. Examples are: one-cylinder gas engine such as used 
in model airplanes, elec~ric trains, sailboats which can be moved by 
an electric fan, model steam engine and so on. 
R. You may prepare ~ activity Which interests you and is related to the 
unit you are now studying. However, you nmst obtain advance approval 
from the instructor. 
Evaluative Activities.-- The evaluative activities will consist of 
the work done by the pupils in completing the Study Guide and - ~he Special 
study Guide. Use will a;tso be made of anecdotal reports. Important in the 
evaluation will be th.e sunnnaries handed in by the pupils , as part of their 
, activities in the Study. The following objective test 'Which will already 
have been given as a pre-test, will once again be given to help determine 
the progress made by the individual pupils. 
The Test.-
a. Directions for administering.-- Before handing out the test to 
the pupils, say, " You are about to take a test to see how much you know 
about the unit you are to study. The purpose of this test is ,to help your 
"' .•. 
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instructor to determine what points he should stress in teaching the unit. 
i Some of the questions are more difficult than others. The best way to take I 
thi s kind of a test is to omit the harder questions going right on to the I 
I 
easier ones an.d coming back to the more difficult ones later. When the 
books are handed out to you, do not open them until I tell you t <? do so." 
After the books have been handed out and the teacher is satisfied 
that the pupils all have a pencil and that at least a dozen sharpened are 
at hand on the teacher's desk, s~, 
"Your score will have NO BEARING on the final mark given you at 
the end of the semester •" Then s~, 1tw'ri te your name and the date in the 
spaces provided at the top of the cover. 11 After a sufficient time for 
carrying out these instructions has elapsed, say, "There are four parts to 
this test. When you have finished one part go right on to the next part. 
Directions are given at the beginning of each part~ When you have finished 1 
the whole test to do any items you may not have answered at first. You 
will have thirty-five minutes." Then ask, "Are there any questions? You 
may not ask any questions once the test has started." 
When there are no more questions, s~ "Start." After thirty-five 
minutes have elapsed, say, "Stop, close your booklets and hand them in." 
Note: A sign should be placed outside the door saying, Do not disturb, 
test being taken. At the same time, the office shotlld be notified that a 
test is being given and that you do not wish to be disturbed. 
b. Directions for scoring.- The rEM score will be the total number 
of items correctly marked. The scores will not be transferred to sigma 
scores. 
c. The test itself.--
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Part A 
Directions: The following set of questions are true and false items. If an 
item is true, mark an 0 in the space beside the number of the question. If 
the item is false mark an X in the space beside the number. 
Examples: (0) 1. George 1lashington was the first President of the 
Uni. ted States. 
(X) 2. The Civil War started in 1918. 
( ) 1. The sun is the source of all energy on the earth. 
( ) 2. The sun is closer to the earth in June than in December. 
( } 3. The sun is 240,000 miles away from the earth. 
( } 4. Matter can be changed to energy. 
( ) 5. The mass of the sun is decreasing by 4,ooo,ooo tons eve~ second. 
( ) 6. The energy received qy the earth from the sun is at the rate of 
1,ooo,ooo,ooo,ooo,ooo horse power. 
( ) 7. The nearest star is about 10,000 times as far away as the sun. 
( ) 8. The sun is the source of water power. 
( ) 10. The sun is the source of energy for winds. 
( ) 11. Hydrocarbon .fuels have their source of energy in the sun. 
( ) 12. Petroleum comes from gasoline and kerosene. 
( ) 13. The horse latitudes are those- latitudes in which horses will not 
work. 
( ) 14. The sum total of matter and energy in the universe does not change. 
( ) 15. Turbines are used where the water falls from a great height. 
( ) 16. Constellations of stars are an important source of energy on the 
earth. 
( ) 17. Coal originates from the decomposition of plants and animals. 
( ) 18. Coal originated from deposits laid down by the sea. 
( ) 19. Water power is measured in calories. 
( ) 20. Energy in coal is measured in calories. 
( ) 21. Energy in calories can be convered to kilowatts. 
( ) 22. The process by which green plants use sunlight to make starch is 
called chlorophyl. 
( ) 23. The unit of sound energy is the decibel. 
( ) 24. Decibels can be converted to kilowatt-hours of energy. 
() 25. Sound is a form of energywhich can be traced to the sun as its 
source. 
Part B 
Directions: Put the number of the item in column B in the space beside the 
item or items in column A which it suggests. Same of the items in Column A 
will have no item in column B which describes them. You may use a number 
in column B more than once. 
A 
( ) 26. Other forms of an element 
( ) 27. A kind of Uranium 
( ) 28. Matter disintegrates com-
pletely 
B 
1. Radioactivity 
2. Isotopes 
3. U-235 
4. 11,4oo,ooo,ooo kilowatt-hours 
5. Mc2 
'I 
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( ) 29. One of the most famous 
German Submarines in World 
War II 
( ) 30. Substances which will change 
to another 
( ) 31. Results from the disruption 
of nuclei 
( ) 32. A property of Uranium 
( ) 33. Einstein 
( ) 34. Theory on which radio work 
Directions: Do the same as above for questions 35-49. 
( ) 35. Photo-electric cell 
( ) 36. Dry cell 
( ) 37. Dynamo 
( ) 38. Coal 
( ) 39. Light from electric lamp 
( ) 40. Turbines 
( ) 41. Sailboats 
( ) 42. Diesel engines 
( ) 43. Electric motor 
( ) 44. Automobile engine 
( ) 45. Train run by steam 
( ) 46. Parallax method 
( ) 47. Spectroscope 
( ) 48. Engineer's transit 
( ) 49. Erosion of hills 
1. Light energy to electrical energy 
2. Chemical energy to electrical 
energy 
3. Mechanical energy to electrical 
energy 
4. Wind energy 
5. Water power 
6. Electrical energy to motion 
7• Chemical energy to motion 
B. Heat energy to motion 
9. Used to measure distances from 
the stars 
Part C 
Directions: In Column A are kinds of energy. In Column B are measures of 
energy. You are to place the number of the item in Column B ~ich is most 
appropriate for the items in Col umn A. 
A 
( ) 50. Electrical energy 
( ) 51. Water power 
( ) 52. Sun's energy 
( ) 53. Sound 
( ) 54. Energy iri coal 
( ) 55. Energy in gasoline 
( ) 56. Light 
Part D 
B. 
1. Kilowatt-hours 
2. Horse-power 
3. Decibels 
4. Candle-power 
5. Calories 
Directions: In questions 57 to 66 you will find blank spaces in the 
paragraph corresponding to the numbered spaces at the left of the page. You 
are to put the number of the item in column A 'Vi1 ich suggests the blank in 
the appropriate space. 
( ) 57. A 
( ) 58. 1. molecules 
( ) 59. 2. horse-power 
( ) 60. 3. cycle 
( ) 61. 4. sun 
( ) 62. 5. artificial 
The --57-- is the nearest star. 
Plants use --58--fram the sun in the 
process of --59--.From ~he decom-
position of plants, the --60--were 
formed. Also, in the water ~1-, 
( ) 63. 
( ) 64_• 
( ) 65. 
( ) 66. 
! (con•t.) 
6. hydrocarbons 
7. North Star 
B. power 
9. photosynthesis 
10. energy 
11. electricity 
12. heat 
13. light 
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CHAPTER III 
CONCLUSION 
Classroom Presentation and Evaluation of the Unit 
Method of instruction.-- Each assigned activity was discussed in each 
group in detail. For the most part the brunt of the explanation was 
borne by the pupils. In some instances, the instructor was called upon 
for assistance. Each pupil kept a loose-leaf notebook in which he 
recorded his summary of the activities on the study guide. In the note-
book, also, he recorded important points of discussion as they occurred. 
Evaluation was obtained from the results of the objective tests, observa-
tion of pupil activit.y during the laborator.y-workshop phase and con-
tributions during the pooling and sharing of experiences phase. 
The log.- Daily log of the unit 
October 5- The pretest was given to all three groups. 
October 6-- The film-strip, ''Energy from the Sun" was shown. Motiva-
tion was very encouraging. The showing of the film-strip was delayed macy 
times by the barrage of questions and the discussions evoked. 
October 9- The study guides were handed out. The pupils immediately 
plunged into the work. There was a buzz of excitement in the room. 
October 10-- Interest continues very high. The pupils start to choose 
their Optional Related Activities. 
October 11- Principal VVhelan visited Group II. He was pleased with 
the "organized noise" in the room. His interest was so great that he 
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requested an invitation to be present during the pooling and sharing 
period. 
October 12..;. Pupils continue to work. The instructor receives a 
number of requests for assistance in preparation of their Optional Related 
Activities. Pupils start coming in after school voluntarily to prepare 
demonstrations for the class. 
October 16 and 17-- Laboratory-workshop phase continues. Requests 
for assistance in solving problems on the individual study guides increase . 
in number. The schedule for presentation of individual and group projects 
is announced. Initial discussion of the "walkie-talkie project occurs. 
October 18-- Pupils start bringing in projects. The first home-made 
water wheel appears. The pupils are amazed to see it lift 420 grams. 
October 19- Principal Whelan walks in unannounced. . Just as he 
arrives a pupil reads his paper on "Atomic Energy.tt The principal is so 
1 pleased that he requests that it be entered for publication in the school 
newspaper. The instructor announces that integration with the English 
Department is to be obtained. The head of the English Department has 
ruled that the projects may be presented in the English classes as ful-
fillment of the Oral Communications requirement. 
October 20-- Slides prepared qy the pupils are shown for the f irst 
time. The pupils darken the room themselves, prepare the projector and 
1 othe:nrise make all necessary arrangements as well as operating the equip-
ment. 
October 24-26 -- Pooling and sharing continues with results much 
better than anticipated. Principal Whelan visits the roam again. 
I 
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October 27-- The final test is given. 
Discussion and Evaluation 
Observation on the reaction of the class to the unit.- The zeal 
with which the pupils entered into the work exceeded the hopes of the 
i nstr uctor. The pictures shown below speak for themselve·s. Two of the 
thirty-four slides prepared by the pupils are s how.n also. Particular 
attenti on is called to .the photograph mlowing the two boys with the 
walkie-tallcies. (See Figure 8). This project was the best illustration 
of the high_degree of interest which the unit aroused. The pupils asked 
for pennission to build a walkie-t:llkie. The instructor was willing to 
accept this project as demonstrating that all energy comes from the sun 
when the pupils were able to trace the sun' s energy through to the 
finished product. He warned the pupils that they could not expect to 
receive much assistance from him. The pupils accepted the challenge. 
They proceeded according to inst ructions found in a periodical dealing 
with electronics. Purchasing equipment from "surplus", at abnormally 
low prices, they set to work. They wired, soldered and set up the 
equipment according to the directions. Unfortunately, when they had 
completed their work, they could not get the proper oscillation and the 
equipment would not work. Almost tearfully, they asked the instructor for 
help. He advised to write to the author of the article who lived in 
California. The pupUs found out that the au thor was a radio "ham." 
Using the equipment of a 11ham11 friend, they contacted the author via 
short wave. He gave them some help and further suggested that they 
contact another 11ham11 who lived in nearby Malden, Massachusetts. With 
l_ 
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the aid of the latter, the trouble was located and the s et put into 
operation. The entire project was not completed before almost three 
months had passed. Nevertheless, the instructor felt that as an example 
of perseverance and of exceptional~ splendid work that the experience 
was .unmatched in his entire teaching career. 
Not shown in the figures that follow are the more than a score of 
papers that were written on subjects such as Atomic Energy, Coal, Oil 
and so on. 
Figure 5. Showing the Various Projects Prepared by the Pupils. In the 
.foreground may be seen diagrams o.f the wind machine used at "Grandpa's 
Knob" Vermont for the generation of electricity; also shovm are several 
water wheels a model ice boat and the wallcie talkies. 
r 
Figure 6. .Principal Whelan Looks on Approvingly as 
Ice-boat. 
Figure 7. Closeup of the Walkie Talkies 
His Model 
Figure 8. Pupils Demonstrating the Operation of the Walkie Talldes 
Figure 9• Two Pupils Performing Demonstration Showing the Causes of 
Seasons. 
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Figure 10. Pupil's Slide Showing the Water Cycle 
Figure 11. Pupil-prepared Slide Showing the Causes of Seasons 
Figure 12. Pupil-prepared Slide Showing the Nature of the Atom. 
The pretest and the final test.- As explained, these were the same. 
Table 2 shows the scores attained by the pupils in groups. Also shown 
is the Intelligence Quotient of each pupil• Also shown is the gain made 
by each pupil. The range in Group I is from 29 to 52 in the pretest a'rld 
a range of from 33 to 58 in the final test. The gains range from 3 to 
16. The range in Gl:'oup II is from 25 to 52 in the pretest and from 33 to 
57 in the final test. The gains range from 0 to 19. In Group III, the 
range is from 14 to 44 in the pretest and from 18 to 52 in the final 
test. The gains range from -4 to 22. 
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Table 2. Scores of Pupils in 3 Physics Groups on the Pretest, Final Test 
Gains Made and their Intelligence Quotient s 
Pupil IQ Pretest Final Test Gain 
Group I 
1 125 37 52 15 
2 118 41 52 11 
3 117 48 58 10 
4 116 52 55 3 
5 115 35 51 16 
6 115 39 49 10 
7 107 26 41 15 
8 107 34 48 14 
9 106 41 52 13 
10 106 33 46 13 
11 103 36 50 14 
12 102 37 L6 9 
13 99 37 50 13 
14 97 29 33 4 
15 95 31 43 12 
16 93 30 46 16 
17 93 40 52 12 
18 88 29 42 13 
-· · 
Group II 
1 123 49 56 7 2 .118 42 49 7 3 117 34 44 10 
4 113 52 51 5 5 111 45 45 0 
6 110 35 49 14 
7 109 46 53 7 8 108 46 48 2 
9 105 39 48 9 20 204 32 46 1.4 
11 103 33 50 27 12 102 29 33 · .. · 14 13 102 39 46 7 14 102 25 37 12 
15 99 29 J4 5 
(concluded on next page) 
Table 2. (concluded) 
Pupil IQ Pretest Final Test Gain 
Group II concluded) 
16 97 33 43 10 
17 96 37 42 5 
18 95 30 49 19 
19 94 30 47 17 
Group III 
1 no 44 50 6 
2 107 43 53 10 
3 104 27 47 20 
4 104 31 45 14 
5 104 41 52 11 
6 102 19 41 22 
7 10~ 23 37 14 
8 100 40 45 5 
9 99 31 40 9 
10 99 33 35 2 . 
11 96 34 41 7 
12 94 20 36 16 
13 94 32 41 9 
14 93 27 32 5 
15 93 40 44 4 
16 91 36 43 7 
17 91 31 32 1 
18 88 14 29 15 
19 88 32 42 10 
20 88 20 30 10 
21 87 26 33 7 
22 87 29 30 1 
23 85 25 38 13 
24 85 29 41 12 
25 83 23 26 3 
26 82 30 37 7 
27 78 21 19 -2 
28 76 15 25 10 
29 76 29 25 
-4 
30 75 21 18 
-3 
31 74 27 29 2 
Distribution of scores for the pretest, final test and the gain.--
All of the above scores were then distributed around the mean, the stan-
dard deviation was found and then the scores were divided into five groups. 
This procedure was followed for the pretest, the final test and for the 
gain. A histogram was then prepared for each distribution of scores. 
Table 3 shows the di~tribution of scores for the pretest. The mean was 
found to be 33.12. The standard deviation was computed and was 8.1. 
The histogram drawn for this set of scores showed a curve which closely 
approximated the normal distribution curve. Table 4 shows the distri-
bution of scores for the final test. The mean rose to 39.27 and the 
standard deviation was computed to be 9.09. The histogram showed a curve 
which was skewed sharply to the right. Such a curve was desirable to the 
instructor, since the test was not heavily weighted with items designed to 
keep the curve normal. Table 5 shows the distribution of scores of the 
gains. The mean was found to be 9.18 with a standard deviation of 5.62. 
The histogram showed a curve which e.ppro.ximated the normal distributed 
curve. 
Table 3. Distribution of scores for three classes of~ physics on the 
pretest. 
Scores 
50-52 
47-49 
44-46 
41-L3 
38-40 
35-37 
32-34 
29-31 
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23-25 
20-22 
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Figure 13. Histogram Showing Distribution of Scores in Pretest 
' Table 4. Distribution of Scores for Three Physics Classes on the Final 
Test ~ 
Scores f d 
56-58 3 
"'' 53-55 3 ,£4 so-s2 10 ~3
47-49 9 .f-2 
44-1!.6 10 f1 
41-43 11 0 
38-40 2 - 1 
35-37 5 - 2 
32-34 6 - 3 
29-31 4 -4 
26-28 1 -5 
23-25 2 -6 
20-22 0 
-7 
17-19 2 -8 
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Figure l4. Histogram Showing Distribution o:f Scores in Final Test. 
Table 5. Distribution of Gains of Three Physics Classes on the Final 
Test Over the Pretest. 
Gains f d 
23, 22 1 ~g 21, 20 1 
19, 18 1 f5 
17, 16 5 "f4 
15, 14 9 ,l3 
13,12 8 .j.2 
ll, 10 11 ,l1 
9, 8 4 0 
7, 6 9 -1 
5, 4 8 - 2 
.3, 2 5 -.3 
1, 0 3 -4 
-1, -2 1 -5 
-.3, -4 2 -6 
N 68 
Efd =.f. 23 
~~" 0 • .34 
~fd 
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Figure 15. Histogram Showing the Distribution o£ Gains Made in the 
Test Over the Pretest. 
Pupil's reactions.- The pupils w-ere handed out an inquiry form as 
shown on the next page. In an effort to get as honest opinion as possible 
they were instructed to pass in these forms unsigned. They were advised 
to print, type, or have some other pupil write in the answer. Further, 
they were told that the instructor would leave the room when the papers 
were passed in. The results were as follows: 
Do you like this method of teaching? Yes 43 No 2 No opinion 6 
Do you prefer it to our custo~1f methods 
of teaching? Yes 41 No 3 No opinion 7 
Some of the comments of the pupils were: 
" I feel that this method will be of great value to us as we. pursue our 
college education." 
rr It's much more interesting." 
" I didn't like the lists of water power etc., and the essays." 
" This method of teaching •••• it allows research on the part of the 
student •••• it enables the student to work with fellow students." 
" Because you could work yourself and you wouldn't have to listen to a 
teacher talk all period." 
rr Not enough material." 
" This method would be a good way to teach in a trade school. I don•t 
think that it is fair because some people have more time to put into 
their projects, as for example I have to work after school." 
"Most of the topics that we pick are not only useful to us, but very 
easy to read and understand. I think that you should continue with this 
method of teaching." 
" Some of the information was hard to find." 
In Conclusion 
The teaching of this unit demonstrated that motivation c~~ be 
achieved more easily by stressing functional knowledge. The optional re-
lated activities in the unit appear admirably suited as the vehicle for 
bringing useful knowledge into the realm of the pupils. Moreover, the 
skewed distribution obtained on the final test would seem to indicate that 
the unit method of teaching results in a highly desirable acquisition of 
factual information on the part of the pupils. Of course, since there is 
no accurate measure of the reliability of the instrument, the writer is 
aware that the last statement must be accepted with some reservation. 
The best indication of the effectiveness of the unit is probably the 
fact that the teacher in the adjoining room, purely traditional in his 
methods, was so impressed by the results obtained, that he is now attempt-
ing to incorporate some of the essentials of the unit method in his 
teaching. The integration with the English Department provides further 
information on the value of the method. Not only were the physics pupils 
excited about the prospects of displaying the results Which they had 
achieved, but the other pupils in the classes were also extreme~ impress-
ed with the work of their fellow pupils. 
The writer is just beginning to see the possibilities of the unit 
method and is now busily preparing other units and will teach in no 
other way in the future. 
